Abstract
Introduction

20
The three free translational oscillations of the inner core, the so-called
21
Slichter modes (Slichter, 1961) , have been a subject of observational contro-versy since the first detection by Smylie (1992) We consider a spherical non-rotating anelastic Earth model. The dis-77 placement u at a point r and time t produced by any body force density f 78 acting in volume V and surface force density t acting upon surface S can 79 be written as a convolution of the impulse response G with the entire past 80 history of the forces f and t (Dahlen and Tromp, 1998) :
where r ′ is the integrated position vector. This relation is inferred from
82
Betti's reciprocity relation in seismology (Aki and Richards, 1980) . Seismic
83
Green's tensor G of a non-rotating anelastic Earth is given in terms of the 84 normal-mode complex frequencies ν k = ω k (1 + i 2Q k ) and eigenfunctions s k by 85 G(r, r
where ℜ denotes the real part of the complex expression and H(t) is the
86
Heaviside function.
87
Tromp and Mitrovica (1999) have generalized Betti's reciprocity relation 88 to a representation theorem suited for surface-load problems, so that the 89 displacement u due to a surface load σ located at r ′ is given by 90 u(r, t) = t −∞ S σ(r ′ , t ′ )Γ(r, r
where Γ is the surface-load Green's vector defined by Γ(r, r ′ ; t) = −[G(r, r ′ ; t) · ∇ ′ Φ(r ′ ) + g(r, r ′ ; t)],
∇ ′ is the gradient with respect to r ′ , Φ is the unperturbed gravitational 92 potential, and g is 93 g(r, r
φ k denoting the perturbation of the gravitational potential associated with using the addition theorem for surface spherical harmonics, with the result [Dahlen and Tromp (1998) , Eqs 10.28 and 10.34]:
G(r, r ′ ; t) = ℜ n l 2l + 1 4π
whereΦ =r ×Θ and Θ is the angular distance between the receiver atr 111 and the point source atr ′ :
The Slichter mode is the spheroidal mode of harmonic degree one and 113 radial overtone number one. For a non-rotating spherical model, the three
114
Slichter frequencies are degenerate into a single eigenfrequency. As
115
P 10 (cos Θ) = cos Θ (10) and 116 P 11 (cos Θ) = sin Θ,
the term for which l = 1 and n = 1 in Eq. (8) writes:
the Slichter eigenperiod is 5.42 h (Rogister, 2003) and the eigenfunctions U,
119
V and P are plotted in Fig. A. 1.
120
The damping rate depends on the dissipation processes involved. A sum- the CMB takes the following analytical form:
where T 0 is the starting time of application of the pressure, τ is the time 
According to Okubo and Endo (1986) Earth model. We compute the displacement u by means of Eqs (1) and (12).
183
As we are mainly interested in the surface gravity effect, we only need the 184 radial component of the displacement:
186
Taking Eqs (9) and (15) into account, the integration over θ ′ and φ ′ gives:
The integral
is calculated in the Appendix. It gives
where erf denotes the error function. The radial displacement then becomes:
where ℜ{ } and ℑ{ } respectively denote the real and imaginary parts of the 191 expression between brackets.
192
The degree-l gravity variation measured by a gravimeter at the surface of 193 the Earth r s is the sum of three terms: the free-air gravity variation owing
194
to the displacement of the ground in the surrounding unperturbed gravity
the inertial acceleration of the ground
and the perturbation of the gravitational attraction
In these expressions,ρ is the mean density of the Earth.
199
The degree-1 gravity variation measured by a gravimeter is therefore
We consider a zonal pressure P 
222
The difference between the excitation amplitudes we obtain for PREM 
228
We have checked that, by making the outer core of our simple 3-layer model 
233
The perturbation of the surface gravity field is the largest when τ is nm/s 2 ) surface gravity perturbation, which should be detectable by SGs.
Excitation by a surface load
239
A degree−l surficial mass distribution σ s at the surface r s exerts forces 240 over the Earth in two ways. First, at the interface between the Earth and 241 the load σ s , the static contact forces give rise to a degree−l pressure
Second, the gravitational attraction of the load σ s over the entire Earth is 243 described by a degree−l potential
Atmospheric pressure models are sampled at 3 h at best. So instead of 245 using actual data, we write the surface density load in the analytical form:
which is the same as the expression used for the fluid core pressure in Section 
After integration of Eq. (3) over the whole surface, the radial displace-249 ment is given by:
[σ 10 cos θ + σ 11 sin θ cos φ +σ 11 sin θ sin φ],
[σ 10 cos θ + σ 11 sin θ cos φ +σ 11 sin θ sin φ]
We use a zonal surface load pressure of 1000 Pa (the surface mass density 252 is then σ 10 = P 10 /g 0 ) and we compute the induced geocentre motion, the 253 inner-core translation and the surface gravity perturbation for two excitation period, the excitation amplitude is smaller.
260
We also plot the surface gravity perturbation associated to the Slichter given by the drag equation (Collins et al., 2005; Melosh, 1989) :
where z is the altitude, C D is the drag coefficient, taken equal to 2, and ρ i 298 and L 0 are, respectively, the impactor density and diameter. By assuming 299 an exponential atmosphere,
where H = 8 km is the scale height and ρ 0 =1 kg/m 3 , the velocity of the 301 impactor as a function of altitude is given by:
where α is the entry angle and v 0 , the velocity at the top of the atmosphere.
303
On its trajectory down to the ground, the impactor goes through the in- 
and give an approximate expression for the altitude of breakup z ⋆ :
where
and v i is the impactor velocity at the surface.
310
Equation (35) holds provided that I f < 1. Otherwise, and more rarely, 311 the object does not break up and the velocity at the impact is given by 312 Equation (33).
313
Following Collins et al. (2005), we use the approximative pancake model 314 (Chyba et al., 1993; Melosh, 1981) to describe the disintegration of the me- tions of the pancake model, z b is given by
where ℓ is the dispersion length scale:
and the pancake factor f p is between 2 and 10. We shall adopt Collins et al. dispersed when they collide with the ground and the impact velocity is:
The remaining kinetic energy at the moment of impact is
After the impact, a fraction k s of E cr is radiated as seismic waves. Exper-
325
imental data (Schultz and Gault, 1975) provide k s ∈ [10 −5 , 10 −3 ]. We will take k s = 10 −4 . The seismic moment being given by
where the stress release ∆σ S ≈ 3 MPa and the rigidity µ = 30 GPa, the 328 seismic magnitude is then:
with M 0 in dyn.cm (1 dyn.cm=10 −7 N/m).
330
We compute the magnitude M w for the different meteoroid impacts of 331 in Fig.A.6 . The shaded areas correspond to M w larger than 9.7, which is the 346 magnitude required for the surface gravity effect to reach the nGal detection 347 threshold for a surficial explosive moment source (Fig. A.7 ). (Crossley, 1992; Rogister, 2003; Rosat, 2007) . 
Conclusions and perspectives
364
We have investigated the excitation of the translational free motion of the 365 inner core by a pressure due to a flow in the outer core and acting at both the 366 ICB and CMB, by a surface load, which can be associated to atmospheric or 367 oceanic loading for instance, and by the collision between the Earth and a 368 stellar object. Our conclusion is that the Slichter mode would be best excited 369 by a pressure acting at the core boundaries at time-scales shorter than half 370 the Slichter eigenperiod.
371
For the pressure source at the ICB and CMB and the loading source at the be it oceanic and atmospheric, of normal modes has been studied for instance
376
by Tanimoto and Um (1999 ), Tanimoto (1999 , 2007 and Webb (2007, 2008) .
377
However, the time scale for the Slichter mode is larger than for the other 378 seismic normal modes, whose eigenperiod is shorter than 1 hour, so we should 379 consider a theory different from the Kolmogorov theory of turbulence.
380
We have considered an analytic expression for the surface pressure as a the data are available at a time resolution higher than the Slichter period.
385
We evaluate the following integral:
and introduce the variable x = t ′ −T 0 τ . I(t) becomes:
We perform the change of variable y = x + i So the time integral I(t) is given by: 
